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Description 

This Invention relates to catalyst suitable for the polymerisation of an olefin. ^. , , . 
The catalyst can be used in an improved process for polymerising olefms and more particularly in a 
5 method of controlling the molecular weight and/or the density of polyolefins produced so as to obtain 
polymer product in any desired range of molecular weight and densities. The invention particularly relates 
to the polymerisation of ethylene in the presence or absence of comonomers to poiyethylenes of controlled 

molecular weight and density. , ■ • - i^r. 

In US Patent 3,051,690 of Vandenberg, there is descnbed a process of polymerising olefins to high 
to molecular weight polyolefins of controlled molecular weight, as indicated by polymer viscosity, by the 
addition of controlled amounts of hydrogen to the polymerisation system. The molecular weight control 
was described as useful in combination witti a hydrocarbon insoluble catalyst system comprising the 
reaction product of a compound of a metall of Group IVB, VB,.VIB, and VIII with an organometallic 
- compound of an alkali metel, alkaline earth metal, zinc, earth metel or rare earth nietal. The patent teaches 
IS that increased use 8f hydrogen during the polymerisation.prpress. results in the decrease of polymer 

"^TtTsSe'r^known that certain metellocenes such as bis(cydopemadienyl) titeniunn or zirconium 
dialkyls in combination with aluminium alkylAwater cocatalystform homogeneous catelyst systems for the 
Dolvmerisation of ethylene. , , , • r 

20 German Patent Application 2,608.863 discloses the use of a catalyst system for the polymenzation of 
ethylene consisting of bis (cyclopentadienyH) titanium dialkyi, aluminum trialkyl and water. 

German Patent Application 2,608,933 discloses an ethylene polymerization catalyst system consisting 
of zirconium metellocenes of the general forn^ula (cyclopentedienyl)7rY4-„, wherein n standsfora number 
in S>e range of 1 to 4, Y for R, CH^^^IR*. CHjCH^AIR. and CH,CH(AlR,fe. wherein R stends for alkyi or metallo 
25 alkyI, an aluminum trialkyl cocatalyst and water. .... ^ 

European Patent Appln. No. 0035242 discloses a process for prepanng ethylene and atactic propylene 
polymers in the presence of a halogen-free Zi egler catelyst system of (1 ) cyolopentedienyl compound of the 
formula (cyclopemadlenyl)„MeY4-„ in which n is an integer from 1 to 4, Me is a transition metal, especially 
zhSn umVand Y is either hydrogen, a C,-Cs alkyI or metello alkyl group or a radical having the following 
30 general formula CH^IR,, CH^CH^IR* and CH,CH(A1R,). in which R represents a C-C, alkyl or metello 
alkvl orouD. and (2) an alumoxane. . , ... 

The above patents disclose that the polymerization process employing the homogeneous catelyst 
system is also hydrogen sensitive for molecular weight control. . .u • ^ i u: u 

An advantage of the cyclopentedienyl-metel/alumoxane catalyst system, is their extremely high 
35 activity for ethylene polymerization. Another significant advantage is that unl ke olefin polymers produced 
in the presence of conventional heterogeneous Ziegler catelyst, terminal unsaturation is present in 
polymere produced in the presence of these homogeneous catelysts. The use of hydrogen for molecule 
weight control for these homogeneous catelyste would be disadvantageous since the terminal 
^nSration would become saturaled and hence, the loss of available sites for building functionalities into 

40 the IJJ^gp 3^°]!^""^^^ • jg^jgg discloses that relatively low molecular weight polymer products are obteined 
at higher polymerization temperatures and relatively high molecular weight polymers at low 
Dolvnnerization temperatures. , . ^ • j ♦ 

As is generally known in the art. it is desirable to maximize polymerization temperatures in order to 

45 achieve high polymerization activity and reduce operating costs in terms of energy recovery. 

disclosed in EP 35242 has certein disadvantages for the production of high molecular weight, high density 
resins since to produce such polymer products, one must operate at low temperatures thereby increasing 

operating costs and decreasing catelytic activity. 

It would be highly desirable to provide homogeneous catelysts which can be usefully employed to 

so produce high molecular weight polymer products at conventional polymerization temperatures and to be 
able to control molecular weight and density of the polymer product without resorting to temperature 

*^°"*S:OTrdSSll^^the present invention provides new cyclopentadienyl - metal/alumoxane catalysts for 
olefin polymerization which catelyst can be usefully employed at high temperatures to obtain o^efir, 
65 polymer products having excellent properties with respect to molecular weight, density and terminal 

""^ k"has been discovered that the molecular weight of polymer product can be controlled by the judicious 
selection of the substituent on the cyclopentedienyl ring and use of I gands for the rnetellocenes. It has 
Sher been discovered that comonomer content can be controlled by the judicious selection o 
60 metellocenes. Hence, by the selection of catelyst components one can teilor polymer product with respect 

^° ThrMtaW^te useftilly empToy'ed for the polymerization of ethylene and alpha-olefiins to polyethylene 
homopolyolefins and copolyethylene- alpha-olefin comprise new metellocenes in combination with 
alumoxanes. The metallocenes employed in accordance with th^ '"^ent'O" /tho 
65 coordination compounds which are cyclopentedienyl derivatives of a Group 4b. 5b amd 6b metel of the 
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Periodic Table and Include mono, di and tricyclopentadienyl and their^envatives of the jansition metals 
TK^ «,£.tniir,r*onPQ includfi those rcDresented by the general formula (CgR mlpR .tugK mJMeUa-p or 
(C R- MeTwheS^ Sb/or 6b metal o1 the Periodic Table (Chemical Rubber 

LS/sSb^ok r^^^^ & Physics, 48th edition). (C^R J is a cyclopentadie^y or substituted 
Sentedienvl each R', which can be the same or different, is hydrogen or a hydrocarbyl rad.ca such as 

a tenvl alk^larvl or arylalkyl radical having from 1 to 20 carbon atoms or halogen and can be the same or 
different Q^is an al^dene radical having from 1 to 20 carbon atoms, s is 0 or 1, p .s 0, 1 j^f 2; provided tha 
?is 0 w Jen p is S: Ss 4 when s is 1 and m is 5 when s is 0 and thst at least one R' .s a hydrocarbyl rad.cal 
when s=0 and Q is an alkyi radical or halogen. t»,=»= =,o fho 

L an alternative to the above defined methallocenes one can use certain carbenes. These are the 

carbene represented by the formula 

CpaZr=CH2 • PlCeHjlaCHa 



and its derivative of the formula 
20 Cp^ ZrCHaCHjCHalC Ha 

and the carbene represented by the formula 

Cp2Ti=CH2 • AKCHaj^Ci 

25 

and the derivatives of this carbene 

Cp2Ti=CH2- AI(CH3)3, (CpaTiCHa)^, 
30 Cp^ TiCHaCHKCHajC Ha, Cp^TI-CHa AIR'^^CI, 

wherein Cp is a cyclopentadienyi or substituted cyciopentadienyl radical, and R'" is an alkyl, aryl or 



alkylaryl radical having from 1—18 carbon atoms. 

The molecular weight of the polymer product can be further controlled by the ratSo of alumoxane to 

'"'11?e1?e\^^^^^ a .process for producing polyethylenes having molecular weight at 

and/IJ othXands t ^hVSScenes. in order to^control and tailor polymer molecular weight and/or 

Illustrative of the higher alpha-olefins are butene-1, hexene-1 and octene-1. 
~TeTumoxanes are polymeric a.-'num compounds ^^^^^^^^^^^ 

the general formula R .s f J;^^*^ '2 orSw^ R is methyl. Gsnerally. in the preparation of alumoxanes 
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form of a moist solvent In an alternative method, the aluminum alkyi such as aluminum trimethyl can be 

desirably contacted with a hydrated salt such as hydrated copper sulfate. 

Preferably, the alumoxane is prepared in the presence of a hydrated copper sulfate. The method 

comprises treating a dilute solution of aluminum trimethyl in, for example, toluene, with copper sulfate 
5 represented by the general formula CUSO4 • BHjO. The ratio of copper sulfate to aluminum trimethyl is 

desirably about 1 mole of copper sulfate for 4 to 5 moles of aluminum trimethyl. The reaction is evidenced 

by the evolution of methane. 

The new metallocene compounds usefully employed in accordance with this invention are the mono, 

bi and tricyclopentadienyl or substituted cyclopentadienyl metal compounds. The metallocenes are 
10 represented by the general formula - 

{C5R' JpR",|CfiR '„)MeQ3-p, R".(C6R'm)2MeQ' 

or a derivative thereof as specified above. 
rs Exemplary hydrbcarbyl radicals are methyl, ethyl, propyl, butyl, amy], jsoaniyl,_hexo^ isobutyl, heptyl, 
octyl, nonyl, dicyl, cetyl, 2-ethylhexyl and phenyl. 

Exemplary alkylene radicals are methylene, ethylene and propylene. 

Exemplary halogen atoms include chlorine, bromine and iodine and of these halogen atoms, chlorine 
is preferred. 

20 Exemplary of the alkylldene radicals Is methylidene, ethylidene and propylidene. 

Of the metallocenes, zirconocenes and titanocenes are most preferred. Illustrative but non-limiting 
examples of these metallocenes which can be usefully employed in accordance with this invention are 
monocyclopentadienyl titanocenes such as pentamethylcyclopentadienyl titanium trichloride; substituted 
bis(Cp)Ti(IV) compounds such as bis(indenyl)Ti diphenyl or dichbride, bis{methylcyclapentadienyl)Ti 

25 diphenyl or dihalides and other dihalide complexes; dialkyi, trialkyl, tetra-alkyi and penta-alkyi cyclopenta- 
dienyl titanium compounds such as bis(1,2 - dimethylcyclopentadienyOTi diphenyl or dichloride, bis(1,2 - 
diethylcyclopentadienyDTi diphenyl or dichloride and other dihalide complexes; silicone, phosphine, 
amine or carbon bridged cyclopentadiene complexes, such as dimethyl sityldicyclopentadienyl titanium 
diphenyl or dichloride, methyl phosphine dicyclopentadienyl titanium diphenyl or dichloride, methylene- 

30 dicyclopentadienyl titanium diphenyl or diclhloride, ethylene bis (4,5,6,7 - tetrahydroimdenyiUitanium 
dichloride and other dihalide complexes. 

Illustrative but non-limiting examples of the zirconocenes which can be usefully employed in 
accordance with this invention are pentamethylcyclopentadienyl zirconium trichloride, the allcyl substituted 
cyclopentadienes, such as bis(ethyl cyclopentadienyl )zirconium dimethyl, bis(p - phenylpropylcyclopenta- 

^ dienyDzirconium dimethyl, bis(methylcycIopentadienyl)zirconium dimethyl, and dihalide coimplexes of the 
above; di-alkylr tri-alkyi, tetra-alJcyl, and penta-alkyi cyclopentadienes, such as bis(tetramethylcyclopenta- 
dienyOzirconium dimethyl, bis(pentamethylcyclopentadienyl)zirconium dimethyl, bis{1,2 - dimethylcyclo- 
pentadienyDzirconium dimethyl, bis{1,3 - diethylcyclopentadienyDzirconium dimethyl and dihalide 
complexes of the above; silicone, phosphorus, and carbon bridged cyclopentadiene com plexes such as 

^ dimethylsilyldicyclopentadienyl zirconium dimethyl or dihalide and methylphosphine dicyclopentadienyl 
zirconium dimethyl or dihalide, and methylene dicyclopentadienyl zirconium dimethyl or dihalide. 

The ratio of aluminum in the alumoxane to total metal in the metallocene or carbene can be in the 
range of 0.5:1 to 10,000:1, and preferably 5:1 to 1000:1. 

The solvents used in the preparation of the catalyst system are inert hydrocarbons, in particular a 

<5 hydrocarbon that is inert with respect to the catalyst system. Such solvents are well known and include, for 
example, isobutane, butane, pentane, hexane, heptane, octane, cyclohexane, methylcyclohexane, toluene 
and xylene. 

As a further control and refinement of polymer molecular weight, one can vary the concentration 
alumoxane. Higher concentrations of alumoxane in the catalyst sys:em results in higher polymer product 
so molecular weight 

Since, in accordance with this invention, one can produce high viscosity polymer prodluct at relatively 
high temperature, temperature does not constitute a limiting parameter as with the prior art metallocene/ 
alumoxane catalyst. The catalyst systems described herein, therefore, are suitable for the polymerization of 
olefins in solution, slurry or gas phase pollymerizations and over a wide range of temperatures and 
55 pressures. For example, such temperatures may be in the range 0I -60**C to 280X and especially in the 
range of 50*0 to 160°C. The pressures employed in the process 0I the present invention are those well 
known for, for example, in the range of about 1 to about 500 atmospheres (99.3 to 49644 kPa) and greater. 

In a solution phase polymerization the alumoxane is preferably dissolved in a suitable solvent, typically 
in inert hydrocarbon solvent such as toluene and xylene in moler ratios of about 5x10~^M. However 
60 greater or lesser amounts can be used. 

The soluble metallocenes can be converted to supported heterogeneous catalysts by depositing said 
metallocenes on typical catalyst supports sucih as, for example, silica, alumina, and polyethylene. The solid 
catalysts in combination with an alumoxane can be usefully employed in slurry and gas phase olefin 
polymerizations. 

€5 After polymerization and deactivation of the catalyst, the product polymer can be recovered by 



4 



10 



IS 



20 



25 



30 



EP 0129 368 B1 

be added to the polymer ,^,dance with this invention will have a weight average molecular 

Weight Distribution (EP— A— 1 28 045). are caoable of being fabricated into a 

The „ol,n,.-s produced b, """^^X'SKr^tSn^^^^^^^^^ «' Aen= »n<, «,h,, 

,«,n,.,es «o„.™ crois i~ 

mainTJined at 100X. Each increment was immed atjY toMo^^^^ 



35 150C. 



40 



45 



80X for 5 minutes at 0 psig '^^-^ ''Pf ' °J through the septum inlet into the y^sse^- 7™; ' 

a molecular weight distribution of 3.5. 



6S substituted for the metallocene in Exampie 
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Examples 6 — 8 

Examples 6 — 8 were perfomried as Example 11 except that 0.2 mg of metallocenes as liisted in Table II 
and 9.0 cm^ alumoxane were employed giving an Ai/Zr of 8x10'. The results are summarized in Table II. 

TABLE I 

Substituted cyclopentadiene (Cp) ligand effects 



10 


Example 


Catalyst*- 


Mw 


Mn 


MWD 


Activity 
kg/g.h.atm 




1 


CpzZrClz 


140,000 


39,500 


3.5 


252 




2 


(MeCpljZrCiz 


212,000 


55,900 


3.8 


467 




3 


(EtCplzZrCIa - 


- -17,1,000 


^ 44,700 


3.8 


306 




4 


{B-PP-Cp)2ZrCl2*'- 


282,000 


78,200 


3.6 


335 


20 




(MesCp)2ZrCl2 


63,000 


13,200 


4.7 


71 




••Al/Zr=24,000 

** pp= phenyl propyl 












25 






TABLE II 










Example 


Catalyst^ 


Mw 


Mn 


MWD 


Activity 
kg/g.h.atm 


30 


6 


(MegCplaZrCIa 


47,300 


13,200 


3.6 


142 




7 


(MeCp)2ZrCl2 


180,000 


48,300 


3.7 


278 


35 


8 


{EtCp)2ZrCl2 


184,000 


50,000 


3.7 


281 



40 



45 



SO 



55 



60 



65 



■'AI/Zr-8,000 

The physical properties of a polyethylene are largely determined by the polymer molecular weight and 
the polymer density. The previous examples have demonstrated that through the ligand effect, one can 
control the molecular weight of polyethylenes. The following examples demonstrate that through the same 
ligand effects, one can control the polymer de nsity in copolymers such as ethylene copolymers. In addition, 
the control of polymer density in the following examples is demonstrated at fixed reaction conditions 
indicating that density control is mediated by ligand effects on the catalyst reactivity ratios. 

Example 9 (comparative) 

A 1-liter stainless steel pressure vessel, equipped with an inclins blade stirrer, an external water jacket 
for temperature control, a septum inlet and vent line, and a regulated supply of dry ethylene and nitrogen, 
was dried and deoxygenated with a nitrogen flow. 400 cm^ of dry, degassed toluene was introduced 
directly into the pressure vessel. 10.0 cm^ of alumoxane solution (0.8 moles In total aluminum) was injected 
into the vessel by a gas tight syringe througlh the septum inlet and the mixture was stirred at 1,200 rpms 
and 50°C for 5 minutes at 0 psig (99.3 kPa) of nitrogen. 200 cm^ of liquid propylene at 25**C was then added 
resulting in a pressure of 126.2 psig. (969.4 kPa) 0.113 mg of bis(cyc:opentadienyl)zirconium dimethyl in 10 
ml of toluene was injected through the septum inlet into the vessel Ethylene at 152.1 psig (1148 kPa) was 
admitted and the reaction vessel was maintained at 50X. The ethylene was passed into the vessel for 30 
minutes at which time the reaction was stopped by rapidly venting and cooling the reactor. 66.0 g of 
copolymer having an intrinsic viscosity of 0.74 was isolated which contained 31 mole % propylene. The 
density was 0.854 g/cm^ at 23"C. 

Example 10 

A 1 -liter stainless steel pressure vessel, equipped with an incline blade stirrer, an external water jacket 
for temperature control, a septum inlet and vent line, and a regulated supply of dry ethylene and nitrogen, 
was dried and deoxygenated with a nitrogien flow. 400 cm^ of dry, degassed toluene was introduced 
directly into the pressure vessel. 10.0 cm^ of alumoxane solution (0.8 moles in total aluminum) was injected 
into the vessel by a gas tight syringe through the septum inlet and the mixture was stirred at 1,200 rpms 
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a pressure of 126.2 psig. (969.4 kPa) 0.102 ° ^-^.'^y^^^^^^ psig 11150 kPa) was 

ml of toluene was injected through the septum mlet »*VVe1?h^^ mto the vessel for 30 

admitted and the reaction vesse was -"a.nta.ned at ^^-J^;^^^^ the reactor. 12.0 gms of 

Sp-ot^fr ^:Z::S:^^S^ SSWi^^ontained ^ .o.e propylene. The 
density was 0.854 g/cm' at 23°C. 

Exai^P'^ " , ,»„a«oi pnuinned with an inclffie blade stirrer, an e>*emal water jacket 

A l-liter stainless steel pressure vessel, I^Pf "^'LYreg^ supply of dry ethylene and nitrogen, 
for temperatu/e control, a septum inlet and ven^^^^^^^ PP v . ^ ^^^^ introduced 

was dried and deoxygenated ,^^'1^ "^f^alCJ^^J^^^^^^^^ 

directly into the pressure vessel. 0'° °'7,'rf-e"t^^^^ and the mixture was stirred at 1.200 rpms 
into the vessel by a gas tight synnge Sfa of liquid propylene at 25-C was then added 

and 50-0 for 5 minutes at 0 psig (9^3 kPa) ^00 cm J^J^J^^g ^ 3jPJ,^,,opentadienyl)zirco^ 

resulting in a pressure of 126.2 ps g <9f "^^^ jniet into the vessel. Ethylene at 151.5 psig 

dimethyl in 10 ml of toleuene was injected "^^Srat 5^^^ The ethylene was passed into the 

I1 140 kPa) was admitted and the reaction ^««f.«' ^^^f^^^""'"^^ and cooling the reactor, 

lessel for 25 minutes at which time the reaction w^^^^^ ^.^^^ 3 5 ^^le % 

20 30.5 g of copolymer having an intrinsic v.sc^ity of 0.81 was iso.ateo 
propylene. The density was 0.934 g/cm at 23'C. 

Claims 

.5 1 . A catalyst suitable for the polymerisation of an olefin comprising (a) the carbene represented by the 
formula 

Cp2Zr=CH2P(CeH5)2CH3 

30 and its derivative of the formula 

CpzZrCHgCHiCHslCHz 



10 



15 



35 



and the carbene represented by the formula 

Cp2Ti=CH2-AUCH3)2a 



and the derivatives of this carbene 
^ Cp2Ti=CH2-AI(CH3)3, (CpzTiCHa)^, 

Cp2 TiCH2CH(CH3)C H2r Cp2Ti=CH2 - AIR'^^CI, 

(CsR'JpR".(C5R'r.)MeQ3-p or R'^iCsR-J^MeQ'. 
wherein MeisaGroup4b.5bor6bn,etal(W^^^^^^^ 

R' which can be of the fn^^ S R' su^sSts ^ogSher form' ; fused C.-C. ring, R" is a C-C, 

having from 1 to 20 carbon atoi^^ or two R substitue^^ phosphine or amine radical bridging two 
alkylene radical, a *alM germanium <';j»''72?„e;e!t is arvUIM. alkenyl, alkylaryl or arylalkyi radical 
(C,R' J rings, each Q which can be «;\f^"l« I^^^ rad^Mi having from 1 to 20 carbon atoms, 

having from 1 to 20 carbon atoms or "^alos^"' ^ ^" J'l^^s^J*^^^ g is 1 ; m is 5 when s is 0; and that at 
s is 0 or 1, p IS 0, 1 or 2; ^1^"!'^^^^.^''^^^^^^ or halogen and (b) an alumoxane. 

least one R' is a hydrocarbyl radical whe" s-J and Q an ^.k/ ^, ^ ^^^y, ^utyl. 

2. A catalyst according to claim ^ ' (gHs bis(cyclopentadienYl) titanium diphenyl, 

3. A catalyst according to claim 1 therein coir^oundl^^^ dichloride. bis(ethyIcyclo- 
bis(cyclopentadienyl) Ti;CH.A^2:H^.CI, ^'stmethV^^^^^^^^ zirconium dichloride, bislpenta- 

60 pentadienyl) Zirconium dichloride, b'S(P " Pne"Y'ProP^^^^ zirconium dimethyl, 

methylcyclopentadienyl) arqonium d'chlonde ^ "^JJ^^^^^iS^^^^,, . tetrkhydroindenyl) titanium 
bis(ethylcyclopentadienyl) zirconium dimethyl or etnyiene o . . , 

""^Ta process for polymerising one or more olefins --P^- '^^^^^^^ polymerisation in 

6B the presence of a «talyst system as claimed m any one of claims 1 to 3. 



SO 



55 



- ■.<*vw,***^- .... £.p*.*o»'1^29*.3J.%#i*t .... . , ^, . . 

B.Aproce».«oM,n,.o.a,.4wn,.ln,h,o,e.n,.«hWe™».n.lph«..«n.,vi.,»cm3<o. 

carbon atoms per molecule. 
Patentanspruche 

' 1. Katalvsator. geeignet fOr die Polymerisation eines Olefins, enthaltend (a) das Carben der Forme. 

Cp22r=CH2P(C6H5)2CH3 

10 und sein Derivat der Formel - 

Cp ^rCH2CH(CH3)C H2- 



- und das Carben der_Fo_rrnel 

^5 Cpi2Ti=CH2-AI|CH3)2Cr 



und die Derivate dieses Carbons 

CP2T|=CH2-AI{CH3)3, {Cp2TiCH2)2, 

20 

Cp, TiCH»CH(€H3)C Ha, Cp Ji=CH» • AIR'-'eCI. 

(C6R'n,)pR".(C.R'm)MeQ,.p Oder R",(CsR'm)aMeQ' 

30 Cyciopentadienylrest ist, jeder Rest R ' ^ 9le«5j °f oq Snstoffatomen ist oder zwei R'-Substituenten 
AJkenyK Aryl-, Alkyiar/l- od^^J^'f^'-^f^Xlden R" ^ e'" DIallcy.germanium oder 

zusammen einen kondens.erten C*-^ ef <ng JJilden^ (c"r' Tfihge miteinander verbindet, ist. jeder Rest 
Silicon Oder ein Alkylphosphln oder Am'n^est, de f JkenX Alky<a^'- Arylallkylrest mit 1 bis 20 
adergleich oder versch.eden se.n kann.em Ag^^^ ^ nr^ Kohlenstoffatomen ist. s 0 

35 Kohlenstoffatomen oder em "^'o9enaton. 1st Q em ^"JJ" . s 1 ist: m 5 ist, wenn s 0 

pentadienyl) -Zifkoniumdichlorid bjs(B - Phenwro^^^^ . cyclopentadienyl) - Zirkoniumdimethyl, 

^ dichlorid ist. . mphrerer Olefine, bei dem man die Polymerisation in 

5. Verfahren nach Anspruch 4, bei dem das Olefin Ethylen oder ein alpha-Olefin m.t 3 b.s 8 
so Kohlenstoffatomen pro Molekfll ist 

Revendications 

1. Catalyseur apte k 6tre utilise pour la polymerisation d'une olefine. comprenant (a) le carbfene 

55 repr6sente par la formule 

Cp2Zr=CH2p(C6H5)2CH3 

et son derive de formule 
^0 Cp2 2rCH2CH(CH3)C H2 et 

le carbene repr6sente par la formule 

Cp2Ti=CH2 • Al(CH3)iCI 

65 
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et les d^riv^s de ce carbine. 



Cp2Ti:=CH2 • AHCH3)3, (CpjTiCHala, 



5 



ou Cp est un radical cycIopentadi6nyle ou cyclopentadienyle substitue, et R'" est un radical alkyle, aryle ou 
aikylaryle ayant 1 a 18 atomes de carbone; ou un compost de fomnule 



dans laquelle Me est un metal du Groupe 4b, 5b et 6b, (CsR'm) est un radical cyclopentadienyle ou 
cyclopentadienyle substitu6, chacun des R' qui peuvent jStre identiques ou differents repr6sente 
I'hydrogfene, un radical alkyle, alcenyle, aryle, aikylaryle ou arylalkyle ayant 1 h 20 atomies de carbone ou 

75 bien deux substltuants R' torment ensemble un noyau condense en h Cei R" est un radical alkylene en 
h C*, un dialkylgermanium ou une silicone ou un radical alkylphosphine ou amine pontant deux noyaux 
(CgR'm), chacun des Q qui peuvent §tre identiques ou differents est un radical aryle^ aikyle, alc^nyle, 
• aikylaryle ou arylalkyle ayant 1 a 20 atomes de carbone ou un halogdne, Q' est un radical alkylidene ayant 1 
^ 20 atomes de carbone, 5 a la valeur 0 ou 1 , p a la valeur 0, 1 ou 2; sous reserve que 5 soit: 6gal d 0 lorsque p 

20 est 6gal d 0; que m soit egai h 4 lorsque s est §gal ^ 1 ; que m soit 6gal k 5 lorsque s est ^gal a 0; et qu'au 
moins I'un des R' soit un radical hydrocarbyle lorsque s est 6gal S 0 et Q est un radical alkyle ou un 
halogene, et (b) un alumoxane. 

2. Catalyseur suivant la revendication 1, dans lequel p est 6gal ^ 0, Q est le chlore et R' est un radical 
m§thy!e, ethyle ou butyle. 

25 3. Catalyseur suivant la revendication 1, dans lequel le compose (a) est le bis(cyclopentadienyl)titane- 
diphenyle, le bis(cyclopentadienyl)Ti=CH2AI(CH3)2CI, le dichlorure le bis(methylcyclopentadienyl)- 
zirconium, le dichlorure de bis(ethy!cV.clopentadienyl)zirconium. le dichlorure de bis(p - phenylpropyl- 
cyclopentadienyDzirconium, le dichlbriire de bis{pentamethylcyclopentadi6nyi)zircon;ium, le bis(t6tra- 
methylcyclopentadienyOzirconium - djmethyle, le bis(ethylcyclopentadienyl)zirconium - dim6thyle ou le 

30 dichlorure d'6thylene - bis(4,5,6,7 - t6trahydro - indenylltltane, 

4. Precede de polymerisation d'une ou plusieurs defines, quiconsiste a conduire la polymerisation en 
presence d'un catalyseur suivant I'une^quelconque des revendcations 1^3, 

5. Procede suivant la revendication 4, dans lequel I'olefine estl'ethylene ou une alpha-ol6fine ayant 3 a 
8 atomes de carbone par molecule. '"^ 



45 



SO 
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(C5R'„)pR".{C5R'JMeQ3-p ou R".(C,R'„)2MeQ', 
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